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Abstract: To meet the target for Sustainable Development Goal 12.3, household food waste will need
to be reduced by at least 284 million tonnes globally by 2030. American and British households
waste a significant amount of food, and date labels are considered to be a contributor to this situation.
Using a split-plot experimental design implemented on a survey administered to a convenience
sample of UK and US consumers, we aimed to determine how different types of date labels and
freshness indicators affect the stated likelihoods of discarding 15 foods. We find that not all date
labels would lead to reductions in waste, and that semantics matter. Overall, the likelihood to
waste across products was similar between the US and the UK; however, American consumers
showed a larger response to the additional information provided by the freshness indicators. Our
results shed new light on the ongoing policy debate related to national strategies for simplifying and
harmonizing the use of date labels for packaged foods, as well as the potential effects from the use of
freshness indicators.

Keywords: consumer behavior; cross-country comparison; date labels; food waste

1. Introduction

In the 2021 Food Waste Index Report [1], the United Nations Environment Program
estimated that approximately 931 million tonnes of food (17% of total global food production)
were wasted in 2019, 61% of which came from households. The United Nations Sustainable
Development Goal (SDG) Target 12.3 proposes to “halve per capita global food waste at the
retail and consumer levels” by the year 2030 [2]. A 2014 USDA report estimated that in the
United States (US), approximately 60.5 million tonnes of the available food supply at the
retail and consumer levels in 2010 went uneaten [3]. In the United Kingdom (UK), the Waste
and Resources Action Programme (WRAP) leads national food waste management efforts in
cooperation with the Department for Environment, Food, and Rural Affairs (Defra) and the
Food Standards Agency (FSA) [4]. WRAP estimated that annual food waste by consumers
and retailers in the UK was approximately 9.5 million tonnes in 2018.

The reasons why households waste food are complex and driven by multiple factors,
such as socioeconomic characteristics, food storage and preparation conditions, and psycho-
logical and behavioral factors [5–7]. The majority of consumers discard food because they
perceive it to be spoiled or they believe that it has lost its taste and freshness [8]. The posted
dates (date codes) and accompanying language that food manufacturers and retailers print
on packaged food products (date labels) have a role in shaping these perceptions. The
date code and the date labels provide information to consumers that affects their decisions
to consume or discard a food item [9]. However, there is mounting evidence that many
consumers are confused about the interpretation about food product date labels, and this
has led to an overall increase in household food waste [10,11].
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Recent innovations in intelligent packaging and smart labels may increase shelf life
of products and provide actionable information to consumers on when to consume food
products [12,13]. Thus, these technologies may complement date labels and help consumers
reduce their waste. To investigate the role of food date labels on food waste, we decided to
compare how different date labels and smart labels may influence the probability to discard
different foods. Specifically, we compared how alternative date labels and technological
packing innovations impact US and UK consumers’ stated likelihood to waste food using
an online survey.

2. Traditional and Innovative Approaches to Food Date Labelling

In the US, date labels are often referred to as “expiration dates”, but their meaning is
not straightforward [14]. There are currently no US federal regulations regarding food date
labeling (other than for infant formula), which has resulted in a proliferation of date label
language used in the market. While some states require date labels on specific products,
date labels are generally applied on a voluntary basis by food and beverage manufacturers.
Examples of date labels used in the US include “Use by”, “Best by”, “Sell by”, “Best if
used by”, “Expires on”, “Best before”, and “Fresh until”, among others [15,16]. Some of
these date labels are more suggestive of food quality whereas others are more suggestive
of food safety.

In the UK, the food date labeling environment is less complex and is expected to
be less confusing for consumers. Food product date labeling has been regulated at the
national level [17] and requires that all packaged foods are labeled with a date of minimum
durability, with some exceptions for fresh produce, baked goods, and alcoholic beverages.
There are only two date labels used in the UK: a quality-based “Best Before” date and a
safety-based “Use By” date. While food manufacturers have the choice of deciding which
date label to apply to their products, “Use By” dates are recommended only for products
that pose specific microbiological food safety risks [4]. In the UK, food products are not
permitted to be sold or donated after their printed “Use By” date.

When consumers misuse or misunderstand date label messages regarding food prod-
uct quality/freshness or food product safety, they may discard products which are past
their posted date but are still wholesome and safe to consume. To combat this, groups such
as the Food Waste Reduction Alliance (FWRA) and ReFED have advocated for a national
strategy that standardizes and simplifies the food product date labeling regime in the US.
Similar to the current regime in the UK, these organizations propose using one of only
two date labels; one to communicate food safety and the other to communicate food qual-
ity [18,19]. We have also seen legislative proposals in the US that would mandate that food
and beverage manufacturers use either “Use by” or “Best if used by” language. Although
there is some support from the food manufacturing and food retailing community in the
US for such a legislative initiative, many prefer the status quo and the freedom to choose
the date label language used for their products [16].

In addition to the traditional date labels used on food and beverage products, recent
technological advances provide information that may help consumers reduce their food
waste. Intelligent packaging technology improves food packaging information through the
use of sensors and indicators that provide dynamic information about food quality variables
as they move along the supply chain [13,20]. These technologies have the potential to
reduce information asymmetry between food manufacturers, food retailers, and consumers,
and have the potential to affect food waste patterns. In particular, if a food product is past
the date code but a supplemental indicator shows that the product remains fresh, it may
reduce the food waste of consumers who otherwise would have discarded the product
based on the date code and date label alone.

While there are many different types of intelligent packaging technologies, they
typically communicate information to consumers using visual indicators, such as color-
changing dots, that are easy to understand. While ongoing research is focused on the
development and application of new intelligent packaging technologies for commercial
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use, the majority of consumers are not yet familiar with these technologies and research is
needed to investigate potential consumer response.

3. Materials and Methods

We developed a survey and distributed it to participants in the US and the UK to
elicit their anticipated likelihood of discarding 15 different food products under different
date label conditions. Our experiment exposes participants to treatments that include date
labels that exist in both countries; we also include treatments that combine an intelligent
on-package indicator with selected date labels.

3.1. Overview of the Survey

In our survey, we elicit consumers’ projected likelihood to discard 15 different food
and beverage products under different date label treatments. In all, we collected data from
579 participants in the US and 583 participants in the UK. Separate surveys were used
for participants from each country in order to take into account differences in food choice
environments and product familiarity between the two countries. Participants were asked
to report their likelihood to discard 15 different food products on a 5-point Likert scale
(1 = “Extremely Unlikely”, 5 = “Extremely Likely”). In order to reduce bias, participants
were also given the option to choose a “Do Not Consume” option if they do not consume
the product presented for any reason. The same 15 food products were used in each country,
with slight differences in the names and package sizes used to mimic market conditions
in each country. We selected 15 food and beverage products that allowed us to observe
patterns across five food categories (grains, proteins, fruits and vegetables, sugars/fats,
and other). The 15 products were: Bread, Butter, Chicken, Cookies (US)/Biscuits (UK),
Eggs, Fruit, Ham, Jam, Juice, Milk, Nuts, Salad, Soda (US)/Fizzy Drink (UK), Soup, Yogurt.
We used generic product names (i.e., no brand names) and package sizes to describe
the products and did not show product images to mitigate the confounding effects of
brand-level preferences amongst the participants.

This survey was designed in Qualtrics and distributed to participants online via
Prolific, a UK-based research firm with their own online consumer panel. Respondents in
this survey completed the task in an average of 15 min and were paid USD 5.00 (US)/GBP
3.50 (UK) on average. The US survey data were collected in May 2018, and the UK survey
data were collected in November 2018.

3.2. Experimental Design

We used a split-plot experimental design, in which all subjects were exposed to a
control condition with a date code but no date label, and a treatment with a date code and
a date label, or a combination of a date label with a color-coded Freshness Indicator (FI). As
Table 1 suggests, there were 10 date label treatments used in the US survey, in addition to
the control condition, while in the UK, only 8 treatments were used. The use of 8 treatments
in the UK reflects the fact there already exists a clear regulatory environment concerning
the use of date labels. In addition to treatments with the date labels that are commonly used
by US food companies, the remaining six date label treatments included three color-coded
FIs (Green, Purple and Blue), paired with one of two date labels: “Use By” or “Best if
Used By”. Note that each subject was only exposed to one of these date label treatments,
but our experimental design enables a comparison within and across participants. All
participants answered the likelihood to discard questions for the 15 products in each of the
conditions to which they are assigned, for a total of 30 responses per subject. The order of
the conditions and the presentation of the products was randomized to reduce order effects.
Therefore, some participants answered questions from the treatment condition before the
control condition. We have controlled for treatment order by including an “order” dummy
variable in our model.
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Table 1. Experimental date label treatments for participants in each country.

Treatment
US UK

Applied (Number) Applied (Number)

Use By X (1) X (1)

Best If Used By X (1)

Best Before X (1)

Best By X (1)

Sell By X (1)

Use By with Green, Purple, or Blue
Freshness Indicator X (3) X (3)

Best if Used By with Green, Purple, or
Blue Freshness Indicator X (3)

Best Before with Green, Purple, or Blue
Freshness Indicator X (3)

Total 10 8

Examples of the labels presented to subjects in the control condition, in the date
label treatments without the FI, and in the date label treatments with the FI are shown
in Appendix A. The date labels “Use By” and “Best If Used By” were chosen for the FI
treatments in the US because they are the leading candidates for a two-date label system
being advocated by policymakers and some industry groups. There were eight date label
treatments in the UK version of the study. As Table 1 shows, in the UK version, we used
the two date labels that are currently employed plus the six treatments in which the FI was
coupled with the “Best Before” or “Use By” date labels.

The FI was described to participants as signaling the freshness of the product using a
color-coded dot system. This color dot is a visual representation of the measured product
freshness, with three different colors indicating different levels of freshness: green repre-
sents “fresh”, blue represents “less fresh” and purple represents “past fresh”. The FI dots
were motivated by a similar system that has been used by a large retailer in the UK for
selected food products.

Participants were shown a food product, a date code (always one day prior to the date
for which the subject took the survey), and a date label corresponding to their treatment
assignment, and asked their likelihood to discard the product. All subjects were told to
imagine that they had paid full retail price for the product, the food product is commercially
packaged and unopened, they stored the product at home, and that the food product did
not taste, smell, or look unusual. This emphasized that the only variables that changed
between treatments are the date labels (with or without an FI). The specific question that
we asked subjects was “How likely is it that you will discard all of this product due to
the label above?” The question was followed with five choices ranging from “Extremely
unlikely” to “Extremely likely”.

After participants completed the experimental tasks, they answered an “attention
check” question to confirm whether or not they were paying close attention to the task in-
structions. In the final section of the survey, subjects completed a series of sociodemographic
questions and provided additional information about their household food behavior.

3.3. Empirical Model

Following [21], we estimated the likelihood to discard different food products under
different date label treatments using an ordinal logit model. The ordinal logit model is used
to model ordinal outcome variables with more than two possible values and is therefore
suitable for modeling answers to scale-response questions such as those used to represent
the outcome variable of interest, the likelihood to discard. As the outcome variable ranges
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from “Extremely Unlikely” (1) to “Extremely Likely” (5), positive coefficients can be
interpreted as increasing the likelihood to discard or waste the product, and negative
coefficients can be interpreted as decreasing the likelihood to waste. There are four possible
intercepts in our model to accommodate the 5-point scale outcome variable.

The likelihood to discard (LTD) is modeled as a function of the date label treatment
(LABEL) and food product type (PRODUCT). The model also includes the binary indicator
variables, Order and Attention, which are used to control for order effects and respondent
attentiveness. Order takes the value of 0 to indicate that the participants saw the control
condition first, and the value of 1 to indicate that they saw the control condition second
(after the date label treatment). Attention takes the value of 0 when participants passed
the attention check on the first attempt. Participants who completed the attention check
question incorrectly were given a second opportunity to pass. Attention takes the value of
1 when the subjects passed the attention check on the second attempt. Participants who
failed the attention check on the second attempt were excluded from our sample.

LABEL is a categorical variable that represents the experimental condition. The control
condition is the base level for LABEL and all regression coefficients represent a change
relative to the control. In the US survey, LABEL has 10 levels in addition to the control. In
the UK survey, LABEL has eight levels in addition to the control.

PRODUCT is a categorical variable that represents the different food product types
with which participants were presented. PRODUCT takes on 15 levels, with soda/fizzy
drink as the base level in both the US and UK surveys. Soda/fizzy drink was chosen
as the base product because it was the product with the lowest frequency of “Extremely
Likely” to discard responses and therefore PRODUCT would be expected to have only
positive coefficients.

Coefficients in an ordinal logit model represent a change in the log-odds of the outcome
variable taking on a higher level. As higher levels of the outcome variable, LTD, represent
an increase in the likelihood to discard, positive regression coefficients are associated with
an increase in likelihood to discard relative to the base level of the relevant variable and
negative coefficients with a relative decrease in likelihood to discard.

LTDita = f (LABELit, PRODUCTia, LABELit x PRODUCTia; Zi) (1)

Equation (1) outlines the specification for the likelihood to discard for a given respon-
dent, i, as a function of LABEL, t, and PRODUCT, a. Model 1 includes the effect of only
the LABEL variable; Model 2 includes both LABEL and PRODUCT variables. We have also
run regressions that include LABEL, PRODUCT, and all interactions between LABEL and
PRODUCT variables, but these results follow the general thrust of the results in Model 2
shown here. The vector Zi includes control variables, which in turn includes the Order and
Attention variables plus selected sociodemographic variables (age, gender, race, education,
income, household size, and presence of children in the home).

3.4. Average Adjusted Probabilities (AAPs) and High Adjusted Probability to Waste (HAPW)

To facilitate interpretation of the estimated coefficients, we calculate average adjusted
probabilities (AAPs) with the margins command in Stata 15.1. Average adjusted prob-
abilities represent the estimated probability/likelihood of each response value (1–5) at
given levels of the independent variables. Coefficient estimates from Model 2 are used to
calculate the AAPs reported here.

We then combine the AAPs for “Somewhat Likely” (4) and “Extremely Likely” (5) to
create the High Adjusted Probability to Waste (HAPW). HAPW represents the probability
of being likely to waste food. For each date label treatment, we compare the estimated
HAPW to the control. These treatment effects represent the estimated increase or decrease
in HAPW from the control condition for each date label treatment, averaged across all
products. We also calculate the HAPW for each food product type under the control
condition (with a date code but without a date label).
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4. Results

Summary statistics describing the average likelihood to discard across the 15 products
indicate that the share of participants who selected “Extremely unlikely” were quite similar
across the treatments in the US and UK samples. On average, approximately 40% selected
“Extremely unlikely” to discard the food products in the control condition; this rate went
up when subjects were exposed to the FI and a green dot (above 50% were “Extremely
unlikely” to discard) and fell below 40% when subjects were presented with the FI and
a purple dot in both the US and UK samples. Interestingly, US subjects showed a higher
(lower) response to the “Extremely unlikely” choice for the green (purple) dot compared to
the UK participants. Subjects in treatments who saw other date labels (without the FI) also
increased their response to the choice “Extremely unlikely” to discard, but these effects
were smaller than when subjects were exposed to the FI with a green dot (suggesting
that the food was “fresh”). Furthermore, in general, we found that the “Best Before” and
the “Best By” labels (that are more suggestive of food quality) had a higher frequency of
“Extremely unlikely” responses to discard compared to those for the “Use By” date label
(that is more suggestive of food safety).

4.1. Descriptive Statistics

Table 2 shows descriptive statistics for selected sociodemographic variables collected
in our US and UK surveys. Here, we show the mean and standard deviations for vari-
ables that describe subjects’ age, gender, race, education, income, household size, and the
presence of children in the household. The first two rows in Table 2 show the descriptive
statistics for the control condition in each country and the subsequent rows present infor-
mation across the treatments. All participants were assigned to the control condition and
then randomly assigned to one of the ten experimental treatments in the US or one of eight
treatments in the UK. Therefore, we have over 8000 observations in each of the control
conditions and approximately 800 observations for each US treatment and approximately
1000 observations for each UK treatment. An observation is a response to a likelihood to
discard question for a specific product in the control or in a treatment; each participant
supplied 30 observations. Observations corresponding to responses of “Do not consume”
to a particular product were dropped from the analysis.

Table 2 shows that the samples in the US and UK are generally balanced in terms
of age, education, household size, and the presence of children in the household. There
are larger differences between the US and UK samples in terms of gender (greater share
of male participants in the US sample), race (greater share of non-white subjects in the
US sample), and income (higher average income in the US sample). There is also some
variation in the composition of subjects across treatments (e.g., the “Best if Used By—Blue
FI” treatment group has more males than average, and the “Best if Used By—Green FI”
has fewer). Because we observe a non-trivial amount of heterogeneity in these sociode-
mographic variables across countries and treatments, we included these variables in our
regression models.

4.2. Regression Results from Mixed Effects Ordinal Logit Model

In our mixed effects ordinal logit model, the likelihood to discard is the outcome
variable and it has five levels ranging from “Extremely unlikely” to “Extremely likely”.

Independent variables are categorical variables representing date label treatment, food
products, attention check, control/treatment order, and the selected sociodemographic
variables. There is a random effect for each individual participant, as each participant
answers 30 “likelihood to discard” questions.

Table 3 shows coefficient measures from two model specifications for both the US and
UK samples. Model 1 includes only date label treatment effects and does not include food
products as explanatory variables. Model 2 includes both date label treatment effects and
product-level effects. We also ran regressions that include date label effects, product effects
and the full suite of treatment-product interaction terms. However, the findings from Model
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2 represent our main set of results because the results from the model with the interaction
terms yield very similar estimates and log likelihood and Chi-square measures to Model 2,
and this suggests that Model 2 has similar explanatory power but is more parsimonious.

Table 2. Sociodemographic variable means by date label treatment group.

Country Treatment Age Male Non-
White

College-
Educated

Income
(USD)

Household
Size Children < 18 Sample

Size

US Control 33.837
[0.125]

0.563
[0.005]

0.186
[0.004]

0.543
[0.005]

60,375.22
[473.635]

2.622
[0.018]

0.282
[0.005] 8289

UK 37.017
[0.134]

0.35
[0.005]

0.09
[0.003]

0.548
[0.005]

40,483.07
[316.396]

2.732
[0.015]

0.374
[0.005] 8232

US Use By—
Green FI

32.751
[0.368]

0.564
[0.017]

0.17
[0.013]

0.529
[0.017]

64,251.46
[1545.929]

2.516
[0.041]

0.297
[0.016] 855

UK 37.604
[0.407]

0.325
[0.015]

0.15
[0.011]

0.58
[0.015]

41,768.23
[982.555]

2.551
[0.038]

0.353
[0.015] 1025

US Use By—
Blue FI

34.739
[0.416]

0.656
[0.016]

0.193
[0.013]

0.387
[0.016]

47,965.71
[1179.912]

2.433
[0.04]

0.286
[0.015] 875

UK 35.882
[0.365]

0.294
[0.014]

0.051
[0.007]

0.525
[0.015]

35,621.85
[747.935]

2.654
[0.044]

0.418
[0.015] 1051

US Use By—
Purple FI

35.225
[0.497]

0.466
[0.018]

0.152
[0.013]

0.572
[0.018]

55,600.26
[1418.207]

2.471
[0.047]

0.208
[0.014] 788

UK 37.473
[0.38]

0.354
[0.015]

0.1
[0.009]

0.538
[0.016]

44,721.01
[1039.363]

2.855
[0.048]

0.344
[0.015] 1023

US Best If Used
By—Green FI

34.382
[0.391]

0.418
[0.017]

0.218
[0.014]

0.58
[0.017]

55,930.64
[1214.699]

3.029
[0.11]

0.267
[0.015] 876

US Best If Used
By—Blue FI

34.243
[0.385]

0.706
[0.016]

0.183
[0.013]

0.579
[0.017]

62,714.12
[1631.785]

2.75
[0.046]

0.299
[0.016] 864

US Best If Used
By—Purple FI

32.797
[0.361]

0.598
[0.018]

0.198
[0.014]

0.562
[0.018]

66,387.01
[1680.228]

2.842
[0.045]

0.378
[0.017] 783

UK Best Before—Green FI 35.614
[0.353]

0.379
[0.015]

0.12
[0.01]

0.655
[0.015]

42,882.58
[970.162]

2.633
[0.033]

0.365
[0.015] 1027

UK Best Before—Blue FI 37.779
[0.374]

0.512
[0.016]

0.067
[0.008]

0.508
[0.016]

40,141.85
[942.785]

2.573
[0.038]

0.316
[0.015] 1016

UK Best Before—Purple FI 35.771
[0.374]

0.288
[0.014]

0.052
[0.007]

0.637
[0.015]

36,479.71
[778.997]

2.863
[0.043]

0.355
[0.015] 1026

US Use By 33.324
[0.445]

0.541
[0.018]

0.226
[0.015]

0.51
[0.018]

67,952.76
[1640.397]

2.356
[0.042]

0.206
[0.015] 776

UK 37.635
[0.349]

0.325
[0.015]

0.108
[0.01]

0.426
[0.015]

42,810.55
[837.872]

3.06
[0.045]

0.493
[0.016] 1038

US Best If Used By 34.314
[0.353]

0.645
[0.017]

0.098
[0.01]

0.624
[0.017]

67,087.77
[1750.819]

2.536
[0.045]

0.324
[0.016] 809

US Best By 32.648
[0.338]

0.448
[0.017]

0.262
[0.015]

0.562
[0.017]

55,790.42
[1328.938]

2.49
[0.042]

0.261
[0.015] 835

UK Best Before 38.767
[0.411]

0.323
[0.015]

0.07
[0.008]

0.519
[0.016]

40,220.6
[805.319]

2.649
[0.043]

0.339
[0.015] 1026

US Sell By 33.79
[0.366]

0.6
[0.017]

0.153
[0.013]

0.541
[0.017]

62,697.2
[1472.69]

2.742
[0.043]

0.281
[0.016] 815

Note: Standard errors are shown in parentheses. All results for the US sample are shown with gray background.

Table 3 shows ordinal logit regression results for both models for both the US and
the UK samples, and in the following discussion, we focus on our results from Model
2. In the US, the treatments that include the green FI (“Use by—Green FI” and “Best if
Used By—Green FI”) as well as the “Best by” and the “Sell by” treatments are statistically
significantly different from the control condition; in each of these cases, the estimated
coefficient is negative, indicating that the likelihood to discard decreases in these treatments.
The treatments with the purple FI are also significant, but here we see positive estimated
coefficients, indicating that a date label accompanied with a purple FI leads to an increase in
the likelihood to discard. The effects for the treatments with the blue FI are not statistically
different from the control condition. In addition, the treatments “Use by” and “Best if Used
by” also are not statistically different from the control condition, suggesting that consumers
do not respond to these date labels differently from how they respond to a product without
a date label (and only a date code). The last result suggests that consumers interpret the
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“Use by” and “Best if Used by” date labels, as well as the date code on its own, as signals
of food safety and that discard patterns are similar across these three conditions.

Table 3. Mixed Effects ordinal logit model of likelihood to discard.

Model 1 Model 2
Treatment (US) (UK) (US) (UK)

Use By—Green FI −0.931 ***
[0.0992]

−0.466 ***
[0.0907]

−1.187 ***
[0.106]

−0.623 ***
[0.0972]

Use By—Blue FI 0.0503
[0.0925]

0.238 **
[0.0820]

0.0248
[0.0979]

0.315 ***
[0.0875]

Use By—Purple FI 0.809 ***
[0.0962]

0.594 ***
[0.0882]

1.086 ***
[0.102]

0.809 ***
[0.0940]

Best If Used By—Green FI −0.833 ***
[0.105]

−1.033 ***
[0.112]

Best If Used By—Blue FI 0.0698
[0.0925]

0.0761
[0.0982]

Best If Used By—Purple FI 0.758 ***
[0.0986]

1.000 ***
[0.105]

Best Before—Green FI −0.595 ***
[0.0905]

−0.803 ***
[0.0970]

Best Before—Blue FI 0.352 ***
[0.0846]

0.428 ***
[0.0912]

Best Before—Purple FI 0.598 ***
[0.0840]

0.830 ***
[0.0886]

Use By 0.0653
[0.0990]

0.0152
[0.0868]

0.0755
[0.104]

0.022
[0.0920]

Best If Used By −0.0106
[0.102]

−0.018
[0.108]

Best By −0.304 **
[0.0969]

−0.369 ***
[0.101]

Best Before −0.218
[0.0867]

−0.288 **
[0.0922]

Sell By −0.356 ***
[0.101]

−0.418 ***
[0.108]

Order a 0.342 *
[0.154]

−0.0555
[0.139]

0.410 *
[0.193]

−0.0681
[0.178]

Attention b −0.107
[0.282]

0.836 ***
[0.237]

−0.139
[0.354]

1.053 ***
[0.305]

Observations 16,105 16,205 16,105 16205
AIC 38,861.7 39,754.1 34,109.2 34,550.7
BIC 39,046.2 39,923.4 34,401.3 34,827.7

Log likelihood −19,406.9 −19,855.1 −17,016.6 −17,239.4
Chi-squared 340.8 245.6 4114.5 4369.4

Notes: The dependent variable is the Likelihood to Discard. Standard errors are shown in parentheses. All results for the US sample are
shown with gray background. We use *, **, and *** to denote p < 0.05, p < 0.01, and p < 0.001, respectively. All regression results include
controls for the sociodemographic variables listed in Table 2 (but are suppressed here in Table 3). Model 2 includes product effects which
are available from the authors upon request. a The order in which participants were shown the control condition and the experimental
treatment was randomized, and Order is a dummy indicator for the order. A value of 1 indicates that the participants were shown the
experimental treatment before the control condition. b Attention is a dummy indicator for passing the attention check. A value of 1 indicates
that participants answered the attention check question correctly on the second attempt.

For product variables, all coefficients are statistically significant and positive, indicat-
ing that there are important product-level differences impacting the likelihood to dis-card.
Across the estimated coefficients for food products (relative to soda), chicken had the
highest value, indicating that likelihood to discard intentions are highest for chicken. The
estimated coefficient for the Order variable was negative and statistically significant at the
5% level in the US, but the Attention variable was not statistically significant.



Sustainability 2021, 13, 7897 9 of 15

The final column in Table 3 shows ordinal logit regression results for the UK sample.
Similar to the results from the US sample, the estimated coefficients for the treatments that
combined a date label with the green FI were negative and statistically significant, whereas
the treatments that combined a date label with a purple FI were positive and statistically
significant. However, the magnitude of the estimated coefficients (both the positive and the
negative coefficients) were smaller than their counterparts in the US, suggesting that UK
subjects were less responsive to the additional information presented with the FI. This may
be due to the fact that consumers in the UK are more familiar with intelligent packaging
and biosensors (in 2016, Sainsbury’s (the second largest supermarket chain in the UK)
launched a “stay fresh” indicator on selected private label packaged ham products that
may have been seen by some of the respondents in our survey. More details are available
in the report that can be accessed at http://www.j-sainsbury.co.uk/~/media/Files/S/
Sainsburys/documents/wlsm-year-1-report.pdf) (accessed on 14 July 2021) or that UK
consumers had more confidence in the date labels themselves and placed less weight on
the information communicated through the FI. Interestingly, the estimated coefficient for
the date labels coupled with the blue FI were also positive and statistically significant in
the UK sample.

Again, similar to the US results for the “Best by” treatment, the subjects in the UK
decreased their likelihood to discard when exposed to the “Best Before” date label that
is suggestive of food quality. Response to the “Use by” treatment was not statistically
different from the control condition. Even though these date labels are regulated in the UK
but not regulated in the US, they appear to have very similar responses among subjects
in both countries. It is important to note that food products in the UK are required to
feature a date label phrase, so the UK consumers may have found it strange to see food
products with a date code but no date label. As a result, the respondents may have been
cautious with the products presented in the control condition and this may have inflated
the likelihood to discard rates observed in the UK control condition. Finally, like we found
in the US sample, the estimated coefficients for individual products (relative to the fizzy
drink) in the UK were all positive and statistically significant, and chicken again had the
highest estimated effect across the 15 products.

4.3. Average Adjusted Probabilities (AAPs)

Average Adjusted Probabilities (AAPs) are calculated from the regression coefficients
and shown in Table 4. The rows in Table 4 are structured similarly to those in Table 2, and
here the columns report the AAPs for each of the likelihood choices for the control condition
and the relevant treatments in each country. The AAPs represent the estimated probability
that respondents will choose an outcome variable level. The AAPs are calculated for the
control condition and each date label treatment, and represent the probability of selecting
each outcome variable in the given condition, averaged across all 15 products.

For example, Table 4 shows that in the control condition, there is a 41.8% probability
that US subjects will be “Extremely unlikely” to discard the average food product and a
12.3% probability that they will be “Extremely likely” to discard. Looking down the column
for the “Extremely likely” case, we see that the probabilities range between approximately
7% (for “Best if Used by—Green FI”) to 20% (for the “Use by—Purple FI”) in the US sample.

We used the results in Table 4 to create a measure that combines the probabilities
for greater likelihood to discard. In each row, we sum the probabilities for “Somewhat
likely” and “Extremely likely” and refer to it as the High Adjusted Probability of Waste
(HAPW). Under the control condition in the US, the HAPW is 26.4% and it increases to as
high as 38.7% in the “Use by—purple FI” treatment. Results from the UK sample show a
HAPW of 23.4% in the control condition and it increases to as high as 32.4% in the “Best
Before—Purple FI” treatment.

In Figure 1, we showcase the HAPW results for treatments (relative to the HAPW for
the control condition) as a way to compare this measure across treatments and between the
two countries. Figure 1 highlights three important findings. First, we see that the subjects

http://www.j-sainsbury.co.uk/~/media/Files/S/Sainsburys/documents/wlsm-year-1-report.pdf
http://www.j-sainsbury.co.uk/~/media/Files/S/Sainsburys/documents/wlsm-year-1-report.pdf
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in the US sample are more responsive to both the green and purple FIs relative to those in
the UK sample, whereas the UK respondents were relatively more responsive to the blue
FI. Second, the effect of the FI appears to be much more important than the date label alone;
the percent change associated with “Use By” alone is a tiny fraction of the effect when “Use
by” is combined with an FI in both the US and the UK. Third, the magnitude of the effects
in the “Use by” treatments in the US and the UK, and in the “Best By” treatment in the US
and the “Best Before” treatment in the UK are quite similar.

Table 4. Average adjusted probability (%) of likelihood to discard by date label treatment.

Country Treatment
Discard

Extremely
Unlikely

Somewhat
Unlikely

Neither Likely
Nor Unlikely

Somewhat
Likely

Extremely
Likely

High Adjusted
Probability to Waste

US Control 0.418 ***
[0.0121]

0.242 ***
[0.00509]

0.075 ***
[0.003]

0.141 ***
[0.004]

0.123 ***
[0.008] 26.40%

UK 0.434 ***
[0.012]

0.252 ***
[0.005]

0.080 ***
[0.003]

0.111 ***
[0.003]

0.123 ***
[0.007] 23.40%

US Use By—
Green FI

0.567 ***
[0.017]

0.218 ***
[0.006]

0.057 ***
[0.003]

0.095 ***
[0.005]

0.0627 ***
[0.006] 15.72%

UK 0.514 ***
[0.017]

0.240 ***
[0.006]

0.070 ***
[0.003]

0.090 ***
[0.005]

0.087 ***
[0.007] 17.70%

US Use By—
Blue FI

0.415 ***
[0.017]

0.243 ***
[0.005]

0.0757 ***
[0.003]

0.142 ***
[0.006]

0.125 ***
[0.009] 26.70%

UK 0.394 ***
[0.015]

0.255 ***
[0.005]

0.085 ***
[0.003]

0.121 ***
[0.005]

0.145 ***
[0.010] 26.60%

US Use By—
Purple FI

0.291 ***
[0.015]

0.236 ***
[0.005]

0.085 ***
[0.003]

0.180 ***
[0.006]

0.207 ***
[0.013] 38.70%

UK 0.334 ***
[0.015]

0.254 ***
[0.005]

0.091 ***
[0.003]

0.137 ***
[0.005]

0.184 ***
[0.012] 32.10%

US Best If Used By—Green FI 0.548 ***
[0.018]

0.223 ***
[0.006]

0.060 ***
[0.003]

0.100 ***
[0.006]

0.069 ***
[0.007] 16.89%

US Best If Used By—Blue FI 0.409 ***
[0.017]

0.243 ***
[0.005]

0.076 ***
[0.003]

0.144 ***
[0.006]

0.128 ***
[0.010] 27.20%

US Best If Used By—Purple FI 0.301 ***
[0.016]

0.238 ***
[0.005]

0.085 ***
[0.003]

0.178 ***
[0.006]

0.199 ***
[0.013] 37.70%

UK Best Before—Green FI 0.537 ***
[0.017]

0.234 ***
[0.006]

0.066 ***
[0.003]

0.084 ***
[0.004]

0.078 ***
[0.007] 16.24%

UK Best Before—Blue FI 0.380 ***
[0.016]

0.255 ***
[0.005]

0.087 ***
[0.003]

0.125 ***
[0.005]

0.153 ***
[0.010] 27.80%

UK Best Before—Purple FI 0.331 ***
[0.015]

0.254 ***
[0.005]

0.091 ***
[0.003]

0.138 ***
[0.005]

0.186 ***
[0.011] 32.40%

US Use By 0.409 ***
[0.017]

0.243 ***
[0.005]

0.076 ***
[0.003]

0.144 ***
[0.006]

0.128 ***
[0.010] 27.20%

UK 0.431 ***
[0.016]

0.253 ***
[0.005]

0.081 ***
[0.003]

0.112 ***
[0.005]

0.125 ***
[0.009] 23.70%

US Best If Used By 0.420 ***
[0.0176]

0.242 ***
[0.005]

0.075 ***
[0.003]

0.140 ***
[0.006]

0.122 ***
[0.010] 26.20%

US Best By 0.464 ***
[0.017]

0.238 ***
[0.005]

0.070 ***
[0.003]

0.126 ***
[0.006]

0.101 ***
[0.009] 22.70%

UK Best Before 0.471 ***
[0.016]

0.248 ***
[0.005]

0.075 ***
[0.003]

0.101 ***
[0.005]

0.105 ***
[0.008] 20.60%

US Sell By 0.470 ***
[0.018]

0.238 ***
[0.005]

0.070 ***
[0.003]

0.124 ***
[0.006]

0.099 ***
[0.009] 22.25%

Note: Standard errors are shown in parentheses. All results for the US sample are shown with gray background. We use *** to denote p < 0.001.

We continue to use the HAPW as a way to study the effects of the date label treatments
across products. We recalculate the AAPs for each of the five possible responses for each
product in the control condition and for each date label treatment. Figure 2 shows the
HAPW by product for both the US and the UK samples for the control condition. Overall,
the results shown in Figure 2 lead to two important points. First, there are relatively large
differences in the HAPW across food products. In the control condition, the HAPW ranges
from between approximately 5% for soda (US)/fizzy drink (UK) to near 50% for chicken.
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In addition, the other protein products have HAPW rates close to 40%. Second, although
there is a wide range of HAPW across products, these rates are quite similar between the
US and the UK.
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5. Summary and Discussion

Overall, we find that consumers’ reported likelihood to discard varies across date
labels and across food product types in both the US and the UK. We find that date labels
do impact consumers’ likelihood to discard. Date labels that are more suggestive of
food quality lead to lower food discard rates and date labels that are more suggestive of
food safety lead to higher food discard rates. Furthermore, we find strong evidence that
the addition of an FI (to a range of alternative date labels) affects discard rates. Signals
indicating that the food is still fresh substantially decrease discard rates whereas signals
that suggest food is no longer fresh increase discard rates. Our results provide evidence
that the FIs perform as we would expect, as all green FI treatments lowered HAPW relative
to the comparison treatments and all purple FI treatments had higher HAPW than their
respective comparison treatments. There are also significant differences in likelihood to
discard across products. Consumers are much more likely to discard protein products
across all date labels and much less likely to discard processed food items.

Despite different food product date label regulatory regimes in the US and UK, we
find relatively similar likelihood to discard rates between our two samples. Under the
control condition with only a date code (and no date label), the HAPW for an average food
product one day past its posted date is 26.4% in the US and 23.4% in the UK. This finding
is in line with WRAP’s 2011 finding that households’ decisions about food waste can be
attributed, in part, to concern and confusion with date labels.

In the US, we find that consumers respond to “Use By” and “Best if Used By” no
differently than they respond to the control condition with only a date code (and no date
label). This suggests that consumers do not derive any additional meaning from the text on
either of these date labels in regards to food product quality or food product safety and that
the date alone communicates most of the meaning for the most common date labels. This
may also imply that “Best if Used By” is interpreted similarly to “Use By”, perhaps due
to the inclusion of the word “use” in both labels. For the other two date labels commonly
seen in the US that we included in our study (“Best By” and “Sell By”), the HAPW was
about 14% lower than in the control. This finding suggests that consumers may be aware
that “Best By” does not have food safety implications and “Sell By” is primarily used by
food manufacturers and retailers to manage inventory rotation [22].

In the UK, where regulations require date labels and specify that “Best Before” is an
indicator of product quality and “Use By” is an indicator of product safety, we find that
“Use By” is the only date label with likelihood to discard rates that are not significantly
different from the control. This suggests that respondents may behave cautiously in
the presence of no date label and be more likely to waste. Our finding that HAPW is
11.54% lower under the “Best Before” label adds more evidence in support of this claim,
as respondents are likely aware that this label does not have implications for food safety,
similar to those in the US.

In both countries, we find large treatment effects in response to the novel FI treatments,
which provide clear information on food product quality (where a green dot is associated
with “fresh”, a blue dot with “less fresh”, and a purple dot suggesting that the item is
“past fresh”). When respondents in both countries are provided information that a given
product is “fresh” despite being past its posted date (with the use of the green FI), they are
significantly less likely to discard the item. However, when respondents are told that the
product is “past fresh” (through the use of a purple FI), they are significantly more likely to
discard the product. In the UK, respondents are also more likely to waste even when the
product is “less fresh”, although we do not find this behavior in the US. The large effects
under the FI treatments suggest that consumers may value additional information to help
them make decisions about which foods to consume, particularly once they have passed
the date posted in the date code.

We find evidence in both countries that HAPW is more dependent on specific food
products than date labels. HAPW is highest for fresh animal-derived products that may
have a higher spoilage or microbiological safety risk and lowest for shelf-stable products



Sustainability 2021, 13, 7897 13 of 15

that pose little to no food safety risk under usual conditions. Despite these differences,
date labels have consistent treatment effects across products. This result is surprising
because date labels have meaningful effects on likelihood to discard rates even for products
that have a very low HAPW under the control treatment. In future work, we would like
to extend our analysis to consider a wider range of both fresh and processed food and
beverage products.

Overall, we find that consumers respond differently to different date labels, and that
the consumers in our survey were influenced by the color of the FI. Indicators suggest-
ing that foods beyond the date code were still fresh decreased the likelihood to discard
while indicators suggesting that foods beyond the date code were not fresh increased the
likelihood to discard (relative to the control condition). This finding was evident in both
the US and UK samples; however, it was much stronger among subjects in the US sample.
While much debate has focused on date label language, we find evidence showing that
consumers’ likelihood to discard food is driven mostly by the date code alone and less
driven by the accompanying date label (i.e., the text).

This paper provides evidence to support the continued improvement of food product
labeling in the US and the UK, and particularly as the US considers the establishment
of a national strategy on date labels. Providing consumers with easy access to real-time
information about the quality and safety of food products will allow consumers to make
improved decisions about food consumption and may also lead to a reduction in food
waste. Intelligent packaging indicators, such as the FIs that we examined here, are a new
technology with the potential to reduce unnecessary household food waste, and may lead
to important benefits for consumers, their communities, and the environment.
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